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(54) Apparatus and method for analyzing samples 



(57) An apparatus and method employing a plurality 
of light emitting devices which each can get light 
through a respective optical fiber toward a respective 
fluid sample of a plurality of fluid samples 108 in a time- 
staggered manner. Light is generated in each of the 
samples at different times consistent with the times, at 
which light is irradiate onto the sample. A single detec- 

FIG- 10 



tor (107) is used to detect the lights emitted from the 
plurality of samples at these different times. A plurality 
of bifurcated optical cable are coupled to the light emit- 
ting devices and single light detecting device, and the 
integrated end of each bifurcated cable acts as the light 
emitting port and light detecting port. 
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Description 

Field of the Invention: 

[0001] The present invention relates to an apparatus 5 
and method for optically reading a plurality of samples 
in a biological or chemical assay, such as a nucleic acid 
assay. More particularly, the present invention relates to 
an apparatus and method which controls a plurality of 
light sources to excite a plurality of samples with light in 10 
a time-staggered fashion to cause each of the samples 
to fluoresce at different times, and a single detector to 
detect the light emitted from each of the samples. 

BACKGROUND OF THE INVENTION 15 

[0002] In the clinical diagnosis of bacterial diseases, 
such as tuberculosis, a sample of sputum or other body 
fluid obtained from the patient is cultured to test for the 
presence of the particular bacterium of interest. Unfor- 20 
tunately, this is a relatively time-consuming process, 
generally requiring several days to produce a definitive 
result. During this time, a patient suspected of having 
tuberculosis, for example, must be isolated to prevent 
further spread of the disease. 25 
[0003] The advent of DNA probes, which can identify 
a specific bacteria by testing for the presence of a 
unique bacterial DNA sequence in the sample obtained 
from the patient, has greatly increased the speed and 
reliability of clinical diagnostic testing. A test for the 30 
tuberculosis mycobacterium, for example, can be com- 
pleted within a matter of hours using DNA probe tech- 
nology. This allows treatment to begin more quickly and 
avoids the need for long patient isolation times. 
[0004] In the use of DNA probes for clinical diagnostic 35 
purposes, a nucleic acid amplification reaction is usually 
carried out in order to multiply the target nucleic acid 
into many copies or amplicons. Examples of nucleic 
acid amplification reactions include strand displacement 
amplification (SDA) and polymerase chain reaction 40 
(PCR). Detection of the nucleic acid amplicons can be 
carried out in several ways, all involving hybridization 
(binding) between the target DNA and specific probes. 
[0005] Many common DNA probe detection methods 
involve the use of fluorescein dyes. One known detec- 45 
tion method is fluorescence energy transfer. In this 
method, a detector probe is labeled both with a fluores- 
cein dye that emits light when excited by an outside 
source, and with a quencher which suppresses the 
emission of light from the fluorescein dye in its native so 
state. When DNA amplicons are present, the fluores- 
cein-labeled probe binds to the amplicons. is extended 
and allows fluorescence emission to occur. The 
increase of fluorescence is taken as an indication that 
the disease-causing bacterium is present in the patient 55 
sample. 

[0006] Several types of optical readers or scanners 
exist which are capable of exciting fluid samples with 



light, and then detecting any light that is generated by 
the fluid samples in response to the excitation. For 
example, an X-Y plate scanning apparatus, such as the 
CytoFluor Series 4000 made by PerSeptive Biosys- 
tems, is capable of scanning a plurality of fluid samples 
stored in an array or plate of microwells. The apparatus 
includes a scanning head for emitting light toward a par- 
ticular sample, and for detecting light generated from 
that sample. The apparatus includes first and second 
optical cables each having first and second ends. The 
first ends of the optical cables are integrated to form a 
single Y-shaped "bifurcated" cable. The scanning head 
includes this end of the bifurcated optical cable. The 
second end of the first optical cable of the bifurcated 
cable is configured to receive light from a light emitting 
device, such as a lamp, and the second end of the sec- 
ond cable of the bifurcated cable is configured to trans- 
mit light to a detector, such as a photomultiplier tube. 
[0007] During operation, the optical head is positioned 
so that the integrated end of the bifurcated optical fiber 
is at a suitable position with respect to one of the micro- 
wells. The light emitting device is activated to transmit 
light through the first optical cable of the bifurcated opti- 
cal cable such that the light is emitted out of the inte- 
grated end of the bifurcated optical cable toward the 
sample well. If fluid sample fluoresces in response to 
the emitted light, the light produced by the fluorescence 
is received by the integrated end of the optical fiber and 
is transmitted through the second optical fiber to the 
optical detector. The detected light is converted by the 
optical detector into an electrical signal, the magnitude 
of which is indicative of the intensity of the detected 
light. This electrical signal is processed by a computer 
to determine whether the target DNA is present or 
absent in the fluid sample based on the magnitude of 
the electrical signal. 

[0008] In this type of X-Y plate reader apparatus, the 
reader head must be repositioned for each well. Accord- 
ingly, if the microwell array is a standard microwell array 
having 12 columns of 8 microwells (96 microwells total), 
the reader head must move 96 times for the entire 
microwell array to be read. This excessive movement 
increases the amount of wear and tear experienced by 
the apparatus. Furthermore, the control system for con- 
trolling the positioning of the head reader must be 
sophisticated enough to ensure that the integrated end 
of the optical fiber in the reader head is positioned cor- 
rectly for each microwell so that the readings are taken 
at identical locations (e.g., the center) of each microw- 
ell. If the integrated end of the optical fiber is not aligned 
correctly with the microwell. the fluid in the microwell 
may not receive an adequate amount of excitation light 
and may therefore not fluoresce properly. Furthermore, 
any fluorescence that does occur may not be com- 
pletely detected, because that light may not transmit 
properly into the integrated end of the bifurcated optical 
ffoer. Accordingly, unless the positioning of the head 
reader is maintained precise for each individual well, 
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erroneous readings may occur. 

[0009] Another existing type of apparatus is described 
in U.S. Patent No. 5.473.437, to Blumenfeld et a). This 
apparatus includes a tray having openings for receiving 
bottles of fluid samples. The tray includes a plurality of s 
optical fibers which each have an end that terminates at 
a respective opening in the tray. The tray is connected to 
a wheel, and rotates in conjunction with the rotation of 
the wheel. The other ends of the optical fibers are dis- 
posed circumferentially in succession about the wheel, 10 
and a light emitting device is configured to emit light 
toward the wheel so that as the wheel rotates, the ends 
of the optical fibers sequentially receive the light being 
emitted by the light emitting device. That is, when the 
wheel rotates to a first position, a ftoer extending from 75 
the wheel to one of the openings becomes aligned with 
the optical axis of the light emitting device and thus, the 
emitted light will enter that fiber and be transmitted to 
the ^opening. The apparatus further include a light 
detector having a optical axis aligned with the optical 20 
axis of the emitted light. Accordingly, if the sample in the 
bottle housed in the opening fluoresces due to the exci- 
tation light, the light emitted from the sample will trans- 
mit through the optical fiber and be detected by the 
detector. The wheel then continues to rotate to positions 25 
where the ends of the other optical fibers become 
aligned with the optical axis of the light emitter and light 
detector, and the light emission and detection process is 
repeated to sample the fluid samples in the bottles 
housed in the openings associated with those fibers. 30 
[001 0] As with the CytoFluor X-Y plate reader appara- 
tus described previously, the apparatus described in 
U.S. Patent No. 5,473,437 uses a single light emitter 
and a single light detector to test a plurality of fluid sam- 
ples. However, instead of using a single biturcated cable 35 
as in the X-Y plate reader apparatus, this appatus uses 
a plurality of single optical cables which are individually 
dedicated to a particular sample. Nevertheless, like the 
X-Y;. plate reader apparatus, this apparatus requires 
mechanical movement between the fluorescent interro- 40 
gation for each sample. That is. the apparatus is incapa- 
ble of testing a plurality of samples with only one 
mechanical motion. Rather, the wheel must rotate to 
align the optical axis of the light emitter and light detec- 
tor with each of the optical fibers associated with each 45 
of the respective samples. Because the control system 
used by the apparatus must assume that the appropri- 
ate optical fiber is aligned correctly for each sample, the 
chance of misalignment is significant. Furthermore, this 
constant movement imposes significant wear and tear so 
on the apparatus. 

[0011] Another type of optical testing apparatus is 
described in U.S. Patent No. 5.518,923, to Berndt et al. 
That apparatus includes a plurality of light emitter/light 
detector devices for testing a plurality of fluid samples. 55 
The fluid samples are contained in jars which are placed 
in the openings of a disk-shaped tray. The plurality of 
light emitter/detector devices are disposed in the radial 



direction of the tray. Hence, as the tray rotates, the sam- 
ples in each circular row will pass by their respective 
light emitter/detector device, which will transmit light into 
the sample and detect any light that is generated by the 
sample in response to the emitted light. In theory, this 
apparatus is capable of testing more than one sample at 
any given time. However, in order to achieve this multi- 
ple sample testing ability, the system must employ a plu- 
rality of light detectors and a plurality of light emitters. 
These additional components greatly increase the cost 
of the system. For example, photomultiplier tubes, 
which are generally quite expensive, are often used as 
light detector units in devices of this type. Hence, the 
cost of the unit is generally increased if more than one 
photomultiplier tube is used. However, it is desirable to 
use as few photomultiplier tubes as possible to maintain 
a competitive price for the apparatus. However, devices 
which employ a single detector (e.g., photomultiplier 
tube) are incapable of testing a plurality of samples 
without some type of mechanical motion for each test. 
Therefore, this multiple detection apparatus is some- 
what impractical from a cost standpoint. 
[0012] A detector apparatus is also described in U.S. 
Patent No. 4,343,991. to Fujiwara et al. This apparatus 
employs a single light detector and a plurality of light 
emitting devices to read a sample on a sample carrier, 
which is a substantially transparent medium. In this 
apparatus, the plurality of light emitting devices transmit 
light through corresponding optical fibers. The light 
emitted by the optical fibers passes through the carrier 
and is received by corresponding optical fibers on the 
opposite side of the carrier. The receiving fibers termi- 
nate at a single light detector and the light emitters are 
operated to emit light at different times. Hence, light 
from only one of the emitters passes through the carrier 
at any given time and is detected by the detector, which 
outputs a signal proportional to the intensity of the 
detected light. Therefore, a single detector can be used 
to detect light from a plurality of light emitting devices. 
When the light passes through a portion of the carrier 
that includes a sample, the intensity of the light is 
decreased because some of the light is absorbed by the 
sample. The amount by which the light intensity is 
reduced is proportional to the concentration of the sam- 
ple material in the sample. Because the signal output by 
the detector is proportional to the intensity of the 
detected light, the sample concentration can thus be 
determined based on the output signal. 
[0013] Although the apparatus described in U.S. Pat- 
ent No. 4.343,991 eliminates the need for a mechanical 
movement for each sampling, the arrangement of the 
optical fibers on opposite sides of the carrier requires 
that the fibers be precisely aligned so that the light emit- 
ted by an optical fiber is detected properly by its corre- 
sponding optical fiber coupled to the light detector. The 
apparatus is therefore easily susceptible to erroneous 
readings if the light emitting optical fibers and light 
detecting optical fibers are not perfectly aligned. Fur- 
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thermore. the light detecting fibers are not arranged to 
detect luminescence of the samples, but rather, the 
intensity of the light passing through the samples. In 
addition, since the light emitting ffoers and light detect- 
ing fibers are on opposite sides of the carrier, enough 5 
space must be allocated in the apparatus to accommo- 
date f toers on both sides of the area through which the 
carrier is conveyed, thus increasing the overall size of 
the apparatus. 

[0014] Accordingly, a continuing need exists for an 10 
optical testing apparatus employing a single detector, 
such as a photomuitiplier tube, which is capable of 
accurately performing a plurality of tests on a plurality of 
liquid samples without requiring a mechanical move- 
ment for each test. is 

SUMMARY OF THE INVENTION 

[001 5] An object of the present invention is to provide 
an apparatus which is capable of performing an optical 20 
sampling photo luminescent, such as a detection step in 
a DNA probe assay, on a plurality of fluid samples with- 
out requiring a mechanical movement for each sam- 
pling. A further object of the present invention is to 
provide an apparatus which is capable of detecting light 25 
emitted from a sample in response to exdtation of the 
sample, such that a plurality of samples can be sampled 
without requiring a mechanical movement for each sam- 
pling. 

[001 6] Another object of the invention is to provide an 30 
apparatus that emits light toward a sample and detects 
light emitted from the sample through the same optical 
port, so that it is not necessary to align the light emitters 
and detectors on opposite sides of the sample. 
[001 7] A further object of the invention is to provide a 35 
sample scanning apparatus that has a heated sample 
housing stage which heats the samples while they are 
awaiting sampling and throughout the sampling proc- 
ess. 0 

[0018] Another object of the invention is to provide a 40 
sample scanning apparatus that is capable of mapping 
the sample pattern prior to performing the sampling. 
[0019] In order to achieve these objects, the present 
invention provides a optical scanning apparatus com- 
prising a plurality of light emitting devices, such as light 45 
emitting diodes, which each emit light excitation through 
a respective optical fiber toward a respective fluid sam- 
ple in a plurality of fluid samples in a time-staggered 
manner. Therefore, fluorescence is generated in each of 
the fluid samples in response to the excitation light at so 
different times corresponding to the times at which the 
light is transmitted to the samples. Hence, a single 
detector can detect the light emitted from a plurality of 
samples because the light is emitted from each sample 
at a cfifferent time. The apparatus further includes a plu- 55 
rality of bifurcated optical cables, from which excitation 
light can be emitted toward corresponding samples, and 
into which light emitted from the samples in response to 



the excitation light can be received and provided to a 
single detector. 

[0020] The apparatus also includes a heated stage 
which houses the plurality of samples throughout the 
testing process. This heated stage, includes heating 
elements, and is made of a good thermal conductor, 
such as metal or the like, which conducts heat to the 
sample containers housed in the stage 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021 ] These and other objects and advantages of the 
present invention will be more readily appreciated from 
the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 illustrates an example of a testing system 
according to the present invention, wNch includes a 
sample tube rack, first and second microwell arrays, 
a microwell incubator and reader apparatus, and a 
pipetter for transferring the fluid samples stored in 
the sample tubes into the microwells of the first 
microwell array; ^ 
Fig. 2 illustrates the use of the pipetter in the sys- 
tem shown in Rg. 1 for transferring the fluid sam- 
ples in the microwells of the first microwell array into 
the corresponding microwells of the second micro- 
well array; 

Rg. 3 illustrates the placement of the second micro- 
well array into the microwell incubator and reader 
apparatus; 

Rg. 4 is an exploded perspective view of a tray, a 
microwell array and a microwell array seal in 
accordance with an embodiment of the present 
invention; 

Rg. 5 is a front perspective view of the microwell 
incubator and reader apparatus in the system 
shown in Fig. 1 ; 

Fig. 6A is a front perspective view of an example of 
a stage assembly employed in the apparatus 
shown in Fig. 5, for receiving and conveying a tray 
assembly shown in Fig. 4; 

Rg. 6B is an example of a heating element of the 
stage of the stage assembly shown in Fig.6A. 
Fig. 7 is a rear perspective view of the stage assem- 
bly shown in Fig. 6A; 

Rg. 8 is a detailed view of a portion of the stage 
assembly, as shown in Fig. 7; 
Fig. 9 is a top plan view of the stage assembly 
shown in Figs. 6A and 7; 

Rg. 10 is a diagram illustrating the layout of the 
fiber optic cables employed in the apparatus shown 
in Fig. 5; 

Rg. 11 is an electrical schematic diagram of the 
apparatus shown in Fig. 5; 

Rg. 1 2 is a flow chart illustrating a stage movement 
process performed by the apparatus shown in Fig. 
5; 
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Fig. 13 is a flow chart illustrating the steps of a 
microwell mapping algorithm performed by the 
apparatus shown in Fig. 5; 
Fig. 14 is a graph showing detected intensity values 
at detection points taken along the bottom of a sin- 
gle microwell of the microwell array shown in Fig. 4; 
Fig. 15 is a flow chart showing steps of a dark read 
calibration process performed by the apparatus 
shown in Fig. 5; 

Fig. 1 6 is a flow chart showing the steps of an opti- 
cal reader integrity check process performed by the 
apparatus shown in Fig. 5; 

Fig. 1 7 is a flow chart showing the steps of a photo- 
multiplier tube light detector control voltage adjust- 
ing process performed by the apparatus shown in 
Fig.5; 

Fig. 1 8 is a flow chart showing the steps of a further 
photomultiplier tube light detector control voltage 
"adjusting process performed by the apparatus 
shown in Fig. 5; 

Fig. 1 9 is a flow chart showing the steps of a micro- 
well reading process performed by the apparatus 
shown in Fig. 5; 

Fig. 20 is a diagram illustrating the relationship 
between the positions of the microwell array, 
housed in the stage, and the light sensor bars of the 
apparatus shown in Fig. 5 when the stage is posi- 
tioned at the home position; 
Fig. 21 is a diagram illustrating the relationship 
between the first column of microwells of the micro- 
well array, housed in the stage, and one of the light 
sensor bars of the apparatus shown in Fig. 5 when 
that column of microwells is being read by one of 
the light sensor bars; 

Fig. 22 is a diagram showing the relationship 
between the last column of microwells, of the micro- 
well array housed in the stage, and a light sensor 
bar of the apparatus shown in Fig. 5 when the light 
sensor bar is reading the last column of microwells; 
Fig. 23 is a diagram showing the relationship 
between the microwell array, housed in the stage, 
and the light sensor bars of the apparatus shown in 
Fig. 5, when the stage is positioned at the leftmost 
position in the stage assembly; 
Fig. 24 is a diagram showing the relationship 
between the last column of microwells of the micro- 
well array, housed in the stage, and the other light 
bar sensor of the apparatus shown in Fig. 5 when 
that light sensor bar is reading the last column of 
microwells; and 

Fig. 25 is a diagram illustrating the relationship 
between the first column of microwells of the micro- 
well array housed in the stage, and the other light 
bar sensor of the apparatus shown in Fig. 5 when 
that light sensor bar is reading the first column of 
microwells. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0022] Figs. 1 -3 illustrate a system for performing DNA 
5 amplification and DNA probe detection which employs 
an automated microwell incubator and reader appara- 
tus in accordance with a preferred embodiment of the 
present invention. Specifically, the system employs a 
sample tube rack 100, two microwell tray assemblies 
10 102 and 103, a heating unit 104 and 105, a pipetting 
apparatus 106, and an automated incubator and reader 
apparatus 107. 

[0023] Before the DNA amplification and testing is 
performed, a plurality of sample tubes 108 each con- 

75 taining an amount of sample fluid provided by a patient 
are placed in tube rack 100. The tube rack 100 includes 
12 rows of 8 openings each and thus, can accommo- 
date up to 96 sample tubes 108. Therefore, fluid sam- 
ples from up to 96 different patients can be tested by 

20 this system during each run. 

[0024] The tube rack 100 is placed in a lysing heater 
109 which heats the fluid samples to a temperature that 
causes the cells in the fluid samples to burst open and 
release their DNA. After the tube rack 100 has been 

25 removed from the lysing heater 1 09, a pipetting appara- 
tus 106 having 8 individual pippette tips 1 10 is used to 
draw the samples from an entire column of tubes 108. It 
is noted that the number of individual pippette tips 110 
should always correspond to the number of tubes 108 in 

30 a column of the tube rack 1 00. As the pippette tips 110 
are placed simultaneously into their respective tubes 
108, some of the fluid sample in each respective vial is 
drawn into its respective pipette 110. 
[0025] The pipetting apparatus 106 is then conveyed 

35 by a lab technician, for example, toward the first tray 
assembly 102, which is known as the primer well tray 
assembly. As shown in more detail in Ftg. 4, the tray 
assemblies 102 and 103 each include a tray 1 1 1 having 
a recess 1 1 3 into which a microwell array 1 1 2 is remov- 

40 ably placed. The microwell array 112 can be a standard 
microwell array having 96 individual microwells 1 16 or a 
series of strips of 8 microwells, portions of a string of 
microwells, individual microwells, or any portion thereof. 
[0026] However, a microwell array having any practical 

45 number of microwells can be used. The number of 
microwells can equal the number of openings in the 
tube rack 100, and the number of microwells 116 in 
each column should equal the number of tubes 108 in 
each column. However, this type of arrangement is not 

so required, but can be any suitable arrangement. 

[0027] When the microwell array 1 12 is placed in the 
recess 105, the individual microwells 116 are accom- 
modated in a corresponding openings 118 in the tray 
111. The 96 microwells of the standard microwell array 

55 are arranged in 12. columns of 8 microwells each. 
Accordingly, the tray 103 includes 12 columns of 8 
openings 1 18 to accommodate the 8x12 array of micro- 
wells. As shown, the openings 118 pass entirely 
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through the tray 111. The tray 1 1 1 is preferably made of 
metal, such as aluminum, which is a good heat conduc- 
tor. The tray 1 1 1 could also be made of plastic or any 
other suitable material. The configuration of the tray 1 1 1 
enables it to heat the microwells about their circumfer- 5 
ence or leaving the bottoms of the microwells unob- 
structed for optical excitation and detection as will be 
described in detail shortly. 

[0028] When the pipetting apparatus 1 06 is conveyed 
to the tray assembly 1 02, the individual pippette tips 110 10 
are aligned with a column of microwells 1 16, so that 
each individual pipette 110 will be above a correspond- 
ing one of the microwells 116. A lab technician then 
manipulates the pipetting apparatus 106 to cause the 
individual pippette tips 1 10 to release at least a portion 75 
of the fluid sample stored therein into their correspond- 
ing microwells. Hence, the 8 individual pippette tips 110 
will fill the 8 individual microwells 1 16 in one column of 
microwells. 

[0029] The individual pippette tips 110 are then 20 
released from the pipetting apparatus 106, and a fresh 
set of 8 individual pippette tips 1 10 are attached to the 
pipetting apparatus 106. The above process is then 
repeated for the next column of tubes 1 08. That is, the 8 
new individual pippette tips 110 are aligned with the 25 
second column of tubes 108, and the pipetting appara- 
tus 1 06 is manipulated so that a portion of the fluid sam- 
ple in each of the tubes 108 in the second column are 
drawn into corresponding individual pippette tips 110. 
The pipetting apparatus 106 is then conveyed over to 30 
the tray assembly 102 so that the individual pippette tips 
110 align with the second column of microwells 1 16 in 
the microwell array 112. At least a portion of the fluid 
sample stored in each of the individual pippette tips 110 
is released into its corresponding microwell 116. These 35 
used pipette tips 100 are then released from the pipet- 
ting apparatus 106 and replaced with a fresh set of pip- 
pette tips 110, and the process is repeated until fluid 
samples from all of the 96 sample tubes 108 are con ; 
veyed to the corresponding 96 microwells 116. 40 
[0030] The microwells 112 that have been filled with 
fluid samples can then be temporarily covered with a 
cover or the like and the fluid samples allowed to incu- 
bate at either room temperature or a certain desired 
temperature for a period of time. Each of the microwells 45 
112 includes primers and fluorescence energy detec- 
tion reagents (probes) in dried form on its interior sur- 
face. 

[0031] Alternatively, instead of conveying the 96 sam- 
ples into 96 microwells, if desired, the samples in the 8 so 
tubes 1 08 can be released onto more than 1 microwell 
each. For example, the system can use 3 microwells for 
each sample. In this event, the sample from each tube 
108 is deposited by its respective pipette tip 110 into 3 
microwells. Hence, a maximum of 32 tubes will be 55 
present in the tray 100 to provide samples to the 96 
microwells of the 3 wells for each sample, with 1 well 
containing 1 type of reagent to identify a particular dis- 



ease, another well containing another type of reagent to 
identify another disease, and the third well can be used 
as an internal amplification well that includes a reagent 
which will cause the well to give a positive test result at 
all times (even rf the patient does not have the particular 
disease) for control purposes. 

[0032] The tray assembly 1 02 including the microwell 
array 1 12 is then placed in the heating unit 104 for fur- 
ther incubation. After a predetermined heating period at 
about 70°C, the pipetting apparatus 106 is used to con- 
vey the fluid samples in the 96 microwells of the micro- 
well array 112 into the 96 microwells of the second 
microwell array 112 in a second tray assembly 102, 
which is Known as the amplification well assembly, tt is 
noted that while the fluid samples are incubating in the 
first microwell array 1 12 at room temperature and in the 
heating unit 104, the second tray 103 containing the 
second microwell array 112 is being preheated in its 
corresponding heating unit 104. Hence, after the appro- 
priate amount of heating time has elapsed, the pipetting 
apparatus 106 uses the individual pippette tips 110 to 
convey the fluid samples from the first microwell array 
1 12 to the second microwell array 1 12 on a column by 
column basis. The 8 individual pippette tips 1 10 of the 
pipetting apparatus 1 06 are aligned with the first column 
of microwells 116 in the first microwell array 112. and 
the pipetting apparatus 106 is manipulated so that the 
fluid samples in those microwells are drawn into the cor- 
responding individual pippette tips 110. The pipetting 
apparatus 106 is then conveyed to the second tray 
assembly 103 so that the individual pippeffe tips 110 
align with a column of individual microwells 116. The 
pipetting apparatus 106 is then manipulated to dis- 
charge the fluid samples in the individual pippette tips 
110 into their corresponding microwells in the second 
microwell array 112. The used individual pippette tips 
110 are released and replaced with a new set of individ- 
ual pippette tips 1 1 0 and the process is repeated for the 
next column of microwells. 

[0033] The process is continued until all of the 96 fluid 
samples stored in the 96 microwells 116 in the first 
microwell array 112 have been transferred into the cor- 
responding microwells 116 in the second microwell 
array 1 12. A seal 118, which can be a transparent plas- 
tic sheet, an opaque or translucent cover, or any suita- 
ble type of cover made out of any suitable material, is 
placed over the top of the microwells 1 16 on the micro- 
well array 112, and the tray assembly 1 03 containing the 
second microwell array 112 is further heated in the 
heater 104 so that the 96 fluid samples in the microwells 
116 will incubate. The seal 118 has an adhesive on one 
of its surfaces, which enables the seal to adhere to the 
top of the microwell array 112. The seal 1 18 acts to form 
a tight seal for each of the microwells. to prevent foreign 
substances from entering the microwells. and also pre- 
vents cross-contamination between different microwells 
in the array and prevents amplified materials from exit- 
ing the microwells. The microwells 116 contain 
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enzymes, also in dried form, which allow the DNA 
amplification and detection reactions to proceed. 
[0034] After the preparation process described above 
has been performed, the entire second tray assembly 
103 containing the sealed microwell array 1 12 in which 
the 96 fluid samples are stored is conveyed into the 
automated incubator and reader apparatus 107. The 
microwells are then repeatedly incubated and optically 
scanned while the tray is incubating to determine which 
of the fluid samples contains the target DNA sequence. 
[0035] ; Fig. 5 is a perspective view of an example of 
the automated incubator and reader apparatus 107 
according to. an embodiment of the present invention. 
The apparatus 107 includes a keypad 202, including 
soft keys or the like, which enables an operator to enter 
data and control the operation of the apparatus 107. 
The apparatus further includes a display screen 204, 
such as an LED display screen or the like, for displaying 
information in response to the operator's commands 
entered via the keypad 202, and for displaying data per- 
taining to the scanning information gathered from the 
samples in the manner described below. The apparatus 
also includes a door 206 through which the tray assem- 
bly 103 containing the microwell array 112 is inserted 
into the apparatus 107. 

[0036] As illustrated, the apparatus includes a stage 
assembly 208 which houses the tray assembly 103 and 
conveys the tray assembly 103 during the scanning 
operation described below. The apparatus 107 further 
includes a control unit 210 which, as described below, 
includes a microcomputer and other scanning control 
equipment and processing equipment which controls 
the overall operation of the apparatus 107. The appara- 
tus 107 can further include a bar code scanner 211 
which can be used to read, for example, bar code infor- 
mation present on patient identification labels on the 
tubes 108. 

[0037] Fig. 6A is a front perspective view of the stage 
assembly 208 of the apparatus 1 07 shown in Fig. 5. The 
stage assembly 208 includes a stage 212 having a tray 
accommodating portion 214 into which is placed the 
tray assembly 103. In one embodiment, the tray accom- 
modating portion 214 is a hole open through the bottom 
of the stage 212. Therefore, the bottoms of the 96 trans- 
parent microwells 116 of the microwell array 112 
housed in the tray 103 can be viewed from underneath 
the stage 212. The stage further includes a lid 216 
which is pivotably connected to the stage 21 2 by a hinge 
217. 

[0038] It is noted that the stage 21 2 is preferable made 
of a material having good thermal conductivity, such as 
metal (e.g., aluminum), but can be made of any suitable 
material. The tray includes a heating element 219 which 
is used to conduct heat to the tray assembly 112. 
[0039] The heating element 219 an be a resistive ele- 
ment-type heating element, which radiates heat when 
an electrical current is passed through the resistive ele- 
ment. The resistive element can be bonded by an adhe- 



sive to the stage 212, for example, about the periphery 
of the stage. Alternatively, as shown in Figs. 6B, the 
heating element 219 can be a heated mask 219-1 that 
is disposed in the plate accommodating portion 214. 

5 The heated mask 219-1 is constituted by a metal plate- 
like portion 219-1 A having 96 openings 219-1 B which 
correspond to the 96 microwells in the microwell array 
112. The heated mask 219-1 can be integral with the 
stage 212, or removably or permanently attached to the 

70 stage 212. The heated mask 219-1 is positioned in the 
plate accommodating portion 214 so that each of the 96 
wells of the well array 112 will align with a respective 
one of the 96 openings in the heated mask 219-1 when 
the plate 104 is placed in the plate receiving portion 

15 214. 

[0040] The heated mask 219-1 is further constituted 
by a pattern of resistive elements, such as a resistive 
element trace 219-1 C that is either embedded or etched 
directly on the metal plate-like portion, or is attached to 

20 the metal plate-like portion by a bonding material 219- 
1D, such as a plastic, composite or the like which can 
withstand high temperutures. The resistive element 
trace surrounds each of the openings, as illustrated, to 
act as a localized heating element for each opening and 

25 hence, each well 116 in the microwell array 112. 
Accordingly this heated mask 219-1 will function to fur- 
ther provide conductive heating to the block 103 and 
thus, to each microwell 116. 

[0041] The heated stage 212 having either type of 

30 heating element 219 or 219-1 described above, keeps 
the tray assembly 103 heated at all times (e.g., when 
the stage 212 is outside of the oven described below). 
Furthermore, the heat ad stage 212 brings the samples 
in the microwells 1 16 of the microwell array 1 12 in the 

35 tray assembly 103 back up to the desired incubation 
temperature (approximately 52.5°C) after the tray 
assembly 103 has been transferred to the tray receiving 
portion 214 of the stage from the heating block 105. 
[0042] Alternatively, the heated stage 212 can func- 

40 tion as the second heating block 1 05 to pre-heat the tray 
assembly 103. In this event, when the fluid samples are 
transferred from the primer microwells 1 16 in the primer 
microwells 116 in the amplification tray assembly 103, 
the tray assembly 103 need not be transferred into the 

45 stage 212 because it is already present in the stage 
212. Accordingly, the heating block 105 can be elimi- 
nated. This provides better thermal control over the 
samples in the microwells tray assembly 103. 
[0043] As further shown in Fig. 6A, the lid 216 of the 

so stage 212 can include magnetic devices 221, such as 
magnets, which will be attracted to the stage 212 when 
the lid 21 6 is closed to urge the lid 21 6 toward the stage 
212. If the stage 212 is made of material which does not 
attract the magnets 221, the stage 212 can include 

55 metal, brass or the like which are aligned with he mag- 
nets 221 when the lid 216 is in the closed position and 
thus attracts the magnets 221 . 

[0044] Alternatively, the magnets 221 can be posi- 
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tioned on the stage 212, and the lid 216 itself can be 
made of a material, such as metal or the like, which 
attracts the magnets 221. Also, magnets of opposite 
poles can be on the lid 216 and stage 212 to increase 
the attraction when the Dd 216 is closed. 
[0045] The lid 216 can further include a conformal 
coating 223, such as foam rubber or the like, or the sur- 
face of the lid 216 that opposes the microwell array 1 12 
when the lid 216 is closed. This coating 223 helps to 
hold the tray assembly in position in the tray receiving 
portion 214, and also ensures that the lid 216 provides 
even or substantially even pressure against the cover 
1 18, to further cause the cover 1 18 to create a tight seal 
around the openings of each of the microwells 116. 
These tight seals further prevent the fluid samples from 
leaking or splashing out of their respective microwells. 
[0046] When the carriage is positioned in its load posi- 
tion approximately as shown in Fig. 6A, the lid 216 
aligns with or substantially aligns with lid door 206 of the 
apparatus 107. Hence, an operator can access the tray 
accommodating portion 214 of the stage 212 by open- 
ing the door 206 of the apparatus 107 and the lid 216 of 
the stage 212. After the tray assembly 103 has been 
inserted in the heating block accommodating portion 
214. the lid 216 is closed to secure the tray assembly 
103 in the heat accommodating portion 214, and to act 
as a further cover for the microwells 116. 
[0047] Additionally, as described in more detail below, 
the stage 212 includes a plurality of one to four columns 
215-1 through 215-4 (e.g. four in this embodiment) of 
calibration microwells 116C. The calibration microwells 
1 16C each include a calibration marker, which can be a 
solid phase dye which fluoresces when excited with light 
having a particular wavelength. As discussed in more 
detail below, the calibration wells 1 16C are used to map 
the positions of all of the microwells 116 of the tray 
assembly 103 housed in the stage 212, and further, are 
used to calibrate the voltage of the photomultipiier tube 
(discussed later) which functions as a light detecting - 
device for sensing light emitted by the markers. 
[0048] As illustrated in Fig. 6A and further in Fig. 7, the 
stage is slidably coupled to rails 218 and thus, can be 
conveyed back and forth in directions along arrow A. As 
shown specifically in Fig. 7, the stage includes a stepper 
motor 220 that is controlled by the microcontroller in the 
control unit 210 (Fig. 5) to convey the stage 212 in the 
manner described below. Specifically, the stepper motor 
220 has a pulley 222 which drives a belt 224 that 
passes about pulley 222 and another pulley 226 at the 
end of the stage assembly 208 opposite that at which 
the stepper motor 220 is disposed. The belt 224 is cou- 
pled to the stage 212 by. for example, a bracket 228. so 
that as the belt 224 is driven, the stage will correspond- 
ingly be driven. As illustrated, the rails 218 along which 
the stage 212 is conveyed are supported by brackets 
230, 232, 234, 236, 238 and 240 to be elevated above a 
platform 242 which function as the base of the stage 
assembly 208. The brackets 230-240 are mounted to 
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the platform 242 by any suitable mounting devices, such 
as screws, rivets, bolts, or the like. The stepper motor 
220 is also mounted to the platform plate 242 by a 
bracket 244, such that the pulley 222 is at a height equal 

5 or substantially equal to the height of pulley 226 from 
the platform 242, so that the driving motion of the stage 
is parallel or substantially parallel to the platform 242. 
[0049] The stage assembly 208 further includes a 
heating oven 246 which includes heating units (not 

w shown) to heat the interior of the oven 246 at a desired 
temperature which will further incubate the fluid sam- 
ples stored in the microwells 116 of the tray assembly 
103 housed in the stage 212. As the stage 212 is con- 
veyed into the oven 246, the stage passes through a 

15 door 248 of the oven 246 which is pivotaliy coupled to 
the sidewalls 250 of the oven by pivot or hinge 252. 
Hence, as the stage 212 passes completely through the 
door 248, the door will swing shut to keep the heat gen- 
erated in the oven 246 inside the oven 246. As further 

20 shown, a layer of insulation 254 encloses the oven 246 
to further keep the heat generated in the oven 246 from 
radiating out of the oven 246. The insulation 254 can be 
any suitable type of insulation, such as foam rubber or 
the like. 

25 [0050] As shown in Fig. 7 specifically, the bracket 228 
includes a plurality of flags 258 which are used to mon- 
itor the position of the stage 212 along the rails 218. To 
do this, the stage assembly 208 includes a plurality of 
sensors 260-1 through 260-5 which detect the presence 

30 of the flags 258 as the stage 212 is conveyed, and pro- 
vide signals indicating the presence of the flags 258 to 
the microcontroller. 

[0051] As illustrated in more detail in Fig. 8, the sen- 
sors 260-1 through 260-5 each are an optical sensor 

35 including a light emitting device 262, such as a LED or 
the like, and a light detecting device 264, such as a pho- 
todiode, phototransistor, or the like. The light emitting 
device 262 emits light in the direction of the light detect- 
ing device 264, which is detected by detecting device 

40 264 as long as no object passes through opening 266 
between the light emitting device 262 and light detecting 
device 264. However, as the stage 212 is conveyed 
back and forth in the direction along arrow A, the flags 
258 will pass one by one between the middle three sen- 

45 sors 260-2. 260-3 and 260-4. Also, when the stage 212 
is at the loading position (approximately shown in Figs. 
7 and 8), the leftmost flag 258-12 will be positioned 
between light emitting device 262 and light detecting 
device 264 of sensor 260-1 . Also, when the stage 212 is 

so positioned at the "home" position, which is the rightmost 
position along the rails 218. the second calibrator well 
(described later) flag 258C-2 is positioned between the 
light emitting device 262 and light detecting device 264 
of the sensor 260-5. 

55 [0052] As illustrated, when a flag 258 passes into 
opening 266 in any sensor 260-1 through 260-5 (e.g., 
sensor 260-2), the flag 258 will block the light being 
emitted by light emitting device 262 from being detected 
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by light detecting device 264. As is described in more 
detail below, the light detecting device 264 of that sen- 
sor will provide a corresponding signal to the microcon- 
troller in the control box 210 indicating the presence of a 
tooth at the particular sensor. The microcontroller will 5 
process the information as appropriate to control the 
stepper motor 222 to move the stage in the proper man- 
ner. - 

[0053] Fig. 9 illustrates a top plan view of the stage 
assembly 208 in which portions of the insulating mate- 10 
rial 256 and oven wall 246 have been cut away to 
expose the light sensing bars 270-1 and 270-2 which 
are used to sense the presence of fluorescence in the 
microwells 116 housed in the stage 212. As illustrated, 
as the stage 212 is conveyed back and forth along is 
direction A, the columns of microwells 21 6 will pass over 
sensor bars 270-1 and 270-2. Sensor bars 270-1 and 
270-2 each include a plurality of light emitting/detecting 
ports 272, ' the number of which corresponds to the 
number of microwells 1 1 2 in a column in the microwell 20 
array 112. In this embodiment, each scanning bar 270- 
1 and 270-2 includes 8 light emitting/detecting ports 272 
which are spaced from each other at a distance corre- 
sponding to or substantially corresponding to the dis- 
tance from which the microwells 1 1 6 in each column are 25 
spaced from each other. Hence, as illustrated, when a 
column of microwells 1 16 is directly over the light emit- 
ting/detecting ports 272, the 8 light emitting /detecting 
ports 272 will align with or substantially align with the 
centers of their corresponding microwells 116. 30 
[0054] As further illustrated in Fig. 9, the light emit- 
ting/detecting ports 272 of the first scanning bar 270-1 
are coupled to a first array 274-1 of light emitting 
devices, such as LEDs or the like, and to a first detector 
276-1 , such as a photomultiplier tube or the like. Like- 35 
wise, the light emitting/detecting ports 272 of the sec- 
ond scanning bar 270-2 are coupled to a second array 
274-2 of light emitting devices, such as LEDs or the like, 
and a second light detecting device 276-2, such as pho- 
tomultiplier tube or the like. 40 
[0055] Fig: 10 is a more detailed view of the connec- 
tion between a exemplary one of the light bars 270-1 
and its respective light emitting array 274-1 and light 
detector 276-1. Specifically, each light emitting/detect- 
ing port 272 is constituted by the integrated end of a 45 
bifurcated optical cable 278. In this embodiment, the 
scanning bar 270-1 includes 8 light emitting/detecting 
ports 272 and therefore, the arrangement includes 8 
bifurcated cables 278. 

[0056] Each bifurcated optical cable 278 includes two 50 
optical cables 280 and 282, each comprising a plurality 
of fiber optic strands. One end of the fiber optic cable 
280 is integrated with one end of fiber optic cable 282, 
such that their individual optical fibers are integrated to 
form the integrated optical fiber end 284. As further 55 
shown, the other end of optical fiber 280 is inserted into 
an opening in a plate 286 of the light emitting array 274- 
1 . Hence, cables 280-1 through 280-8 of the bifurcated 



fiber optic cables 278-1 through 278-8, respectively, are 
inserted in their respective holes in the plate 286, so 
that the ends of the optical fibers 280-1 through 280-8 
are arranged sequentially in the openings of the plate 
286. 

[0057] The array 274-1 of light emitting devices further 
includes an array of LEDs 275-1 through 275-8, the 
number of which corresponding to the number of optical 
fibers 280-1 through 280-8 coupled to the plate 286. 
Accordingly, the 8 LEDs 275-1 through 275-8 are 
arranged to align with the respective ends of the optical 
fibers 280-1 through 280-8, respectively, inserted into 
the plate 286. 

[0058] In this embodiment, the LEDs 275-1 through 
275-8 emit light having a wavelength within the blue 
light spectrum (i.e., "blue" LEDs). To insure that the light 
entering the ends of each of the optical fibers 280-1 
through 280-8 is essentially monochromatic, a blue filter 
290 is positioned between the array of LEDs 275-1 
through 275-8 and the plate 286 to filter out any unde- 
ared wavelengths in the blue light Hence, the light 
being emitted from each LEDs 275-1 through 275-8 
passes through the filter 290 before it enters its respec- 
tive cable 280-1 through 280-8. 

[0059] The other optical cables 282-1 through 282-8 
of the 8 bifurcated fiber optic cables 278-1 through 278- 
8. respectively, each have ends which are integrated 
together in an "octopus" connector 292. That is, the indi- 
vidual strands of the optical cables 282-1 through 282-8 
are integrated together to form an integrated cluster of 
fibers in the octopus connector 292. As shown, the octo- 
pus connector is positioned so that the integrated ends 
of the optical cables 282-1 through 282-8 face the light 
detector device 276-1 . As stated above, the light detec- 
tor device 276-1 is a photomultiplier tube or any similar 
type of light detecting device. To insure that the light 
entering the photomultiplier tube is essentially mono- 
chromatic, and, in particular, to insure that only the light 
produced by the fluorescence occurring within the 
microwells (and none of the blue light emitted by the 
LEDs) will enter the detector 276-1, a filter 294 is posi- 
tioned between the connector 292 and the light detect- 
ing device 276-1. The filter 294 is a green filter which 
allows only light having a specific wavelength within the 
green light spectrum to pass. 

[0060] As stated above, the operation of the stage and 
optical scanning equipment (e.g., the light emitting 
arrays, the light detectors, and so on) is controlled by 
the circuitry contained in control unit 210, which will now 
be described. 

[0061] Fig. 11 is a block diagram illustrating compo- 
nents of the apparatus 107, including the stage assem- 
bly 208 and control unit 210. As indicated, the stage 
assembly 208 includes the stage 212 into which the tray 
assembly 103 including the microwell array 112 is 
housed. The stage assembly 208 includes a plurality of 
heating elements 300 which are disposed inside the 
oven 246 to heat the ambient air inside the oven to a 
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desired temperature. The stage 212 also includes heat- 
ing elements 119 which conductively heat the tray 
assembly 103 in which the microwell array 112 is dis- 
posed and thus heat the fluid samples in the microwells 
1 16-1. A heating sensor 304 and a heating sensor 306 
provide signals to a microcontroller 310 which in 
response, adjusts the heating elements 300 and 302 as 
appropriate to maintain the ambient heat in the oven 
246 and the heating element 302 at the desired temper- 
atures to keep the fluid samples at approximately 
52.5°C. 

[0062] In addition to controlling the heating elements 
300 and 219, the microcontroller 310 controls the entire 
operation of the apparatus 107 as will now be 
described. Specifically, as discussed above, the sen- 
sors 260-1 through 260-5 each provide signals to the 
microprocessor 310 incficating when a flag 258 of the 
bracket 228 of stage 212 has reached the particular 
sensor. The microcontroller 310 uses this Sensor infor- 
mation to control the stepper motor 220 to move the car- 
riage 21 4 in the appropriate direction, at the appropriate 
speed, and for an appropriate distance along the rails 
218 in accordance with programmed information as is 
described in more detail below. 

[0063] The microcontroller also includes ports 3 1 2 for 
receiving information provided by the keyboard 202 and 
soft keys, port 314 for receiving information provided by 
bar code scanner 211, ports 316 for controlling a disk 
drive 317 to read/write information to/from a data disk, 
and ports 318 for controlling the display 204 to display 
information provided by the testing or to act as a visual 
interface with the operator. Additionally, the microproc- 
essor includes ports 322, 324, 326 and 328, which are 
coupled to an external parallel port, serial port, network 
port and auxiliary heater port, respectively, to 
send/receive data to and from external devices. The 
microprocessor further can provide a audio signal to 
speaker 332 which can inform an operator of, for exam- 
ple, an alarm condition. 

[0064] The microcontroller 310 is powered by two 
power supplies 334 and 336 via a power control and dis- 
tribution unit 338. The apparatus 107 further includes a 
fan 342 for cooling internal circuitry of the apparatus 
107. The microcontroller 310 is also coupled to detector 
controllers 338 and 340 which control the operation of 
the light emitting arrays 274-1 and 274-2 and light 
detector devices 276-1 and 276-2 as will now be 
described. An AC voltage inlet port 344 provides power 
to the power supplies 334 and 336 when a power-on 
switch 346 is activated, and a circuit breaker 346 pro- 
tects the apparatus against any excessive current being 
drawn through the AC inlet port. 

[0065] After the preliminary steps discussed above 
with regard to Figs. 1-3 have been performed, the tray 
assembly 103 including the microwell array 1 12 is ready 
to be read by the apparatus 1 07. The operator will enter 
into the apparatus 107 via the keyboard 202, soil keys 
or bar code scanner 21 1 the patient information pertain- 



ing to the samples in the tubes 108. As discussed 
above, each sample tube 108 will correspond to a par- 
ticular microwell 116 or microwells in the tray 112. 
Hence, the apparatus 107 will be programmed to asso- 

5 date a particular microwell 1 1 6 in the tray 1 03 with cor- 
responding patient information. As the information is 
being entered, the microcontroller 310 will store the 
information in a memory, and will control the display 
screen 204 to display interactive messages to assist the 

to operator in entering the information. 

[0066] Before the tray assembly 103 can be placed in 
the tray accommodating portion 214 of the stage 212, 
the stage must be positioned in the loading position. 
Accordingly, when the operator has finished entering 

15 the patient information and enters a command via the 
keyboard 202 or soft keys to instruct the apparatus 107 
to receive a tray assembly 103, the microcontroller 310 
will control the stepper motor 220 to convey the stage 
212 to the loading position. The speed at which the 

20 stage 212 is conveyed to the loading position depends 
on the initial position of the stage 212 along the rails 21 8 
at the time the loading command is given. This position 
of the stage 212 is ascertained by the sensors 260-1 
through 260-5, as will now be described with respect to 

25 the flowchart shown in Fig. 12. 

[0067] When the operator has instructed the appara- 
tus in step 1000 to position the stage 212 to receive a 
tray assembly 103. the microcontroller 310 will check 
the signals being provided by sensors 260-1 through 

30 260-5 to ascertain whether the stage 21 2 is at a position 
along rails 218 corresponding to the position of one of 
those sensors. Specifically, in step 1010, the microcon- 
troller 310 will check the signal being received from sen- 
sor 260-1 (the load limit sensor) to determine whether 

35 the stage 212 is positioned in the load position, which is 
approximately the position of the stage 212 as shown in 
Figs. 6 and 7. As explained above, if the stage 212 is 
positioned in the load position, the leftmost flag 258-12 
will be in the opening between light emitter 262 and light 

40 detector 264 of sensor 260-1 . The signal output by sen- 
sor 260-1 will thus indicate that the stage is at the left- 
most position (load position) along the rails 218. 
Accordingly, the microcontroller 310 will not activate the 
stepper motor 220 and stage 212 will not be moved. 

45 The operator will thus be permitted to open the outside 
door 206 of the apparatus 107 and the door 216 of the 
stage 212 to place the tray assembly 103 in the tray 
accommodating portion 214 of the stage 212. 
[0068] On the other hand, if the signal provided by 

so sensor 260-1 to the microcontroller 310 indicates that 
the stage 212 is not at the load position, in step 1020, 
the microcontroller 310 will check the signal from sensor 
260-5. which is the rightmost sensor or right limit posi- 
tion sensor. If the signal from sensor 260-5 indicates 

55 that a flag 258, in particular, flag 258C-2 of the bracket 
228 of stage 212, is present between the light emitter 
262 and light detector 264 of sensor 260-5. the micro- 
computer 310 will ascertain that the stage 212 is at the 
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rightmost position. It is noted that due to the manner in 
which sensor 260-5 is positioned with respect to the 
right end of carriage assembly 208, the detection of the 
second rightmost flag 258C-2 of the bracket 228 acts as 
the home position indicator. It is noted that the sensor 5 
260-5 is positioned lower that the bottom edge of flag 
258C-1. so it does not detect that flag. However, flag 
258C-2 is made longer so that the sensor 260-5 can 
detect the presence of that flag. It is further noted, how- 
ever, that the sensor 260-5 can be repositioned so that 10 
the rightmost flag 258C-1 or, for that matter, any of the 
flags 258, is detected as the load position indicator flag 
which indicates that the stage 212 is at the load posi- 
tion. Likewise, sensor 260-1 need not be positioned to 
detect the leftmost flag 258-12 as indicating that the 75 
stage 212 is at the loading position, but rather, could be 
positioned to detect any of the flags 258 as providing 
the load position indication. 

[0069] Once it is determined that the stage 212 is at 
the home position, in step 1 030, the microcontroller 310 20 
will then load an appropriate "time out value" in memory 
(not shown). The "time out value" is a value represent- 
ing the amount of time that should elapse when the 
stage 212 is moved from the rightmost position on the 
rails 218 to the leftmost or load limit position the rails 25 
218. This time is. for example, 8 seconds in the embod- 
iment, but can be any value depending on the speed at 
which the stage 212 is conveyed. The microcontroller 
310 will thus be able to ascertain whether an error has 
occurred in the conveyance of the stage 212 by compar- 30 
ing the time it takes for the stage 212 to reach the left 
load limit position versus the time out value. 
[0070] That is, after setting the time out value in step 
1030, the microcontroller 310 will control the stepper 
motor 220 in step 1040 to move the stage along rails 35 
218 at a certain speed in a direction toward the load 
limit position. The microcontroller 310 monitors the time 
that is elapsing while the stage 212 is being conveyed. 
If the microcontroller determines in step 1050 that the 
amount of time that has elapsed exceeds the time out 40 
value, the microcontroller 310 will proceed to step 1060 
where it will issue an error message to be displayed on 
the display screen 204, which will alert the operator that 
an error in the conveying mechanism may have 
occurred. 45 
[0071 ] As long as the conveying time that has elapsed 
does exceed the time out value, the microcontroller will 
continuously check the signal being provided by the 
load limit sensor 260-1 to determine whether the stage 
212 has reached the load limit position. The microcon- 50 
troller 310 will continue controlling the stepper motor 
220 to convey the tray 212 toward the load limit position, 
and will continuously monitor and compare the convey- 
ing time that has elapsed to the time out value. Assum- 
ing that the elapsed time does not exceed the time out 55 
value, when the stage reaches the load position in step 
1070 as indicated by the signal provided by load limit 
sensor 260-1 to the microprocessor 310, the microcon- 



troller proceeds to step 1080 to terminate the convey- 
ance of the stage 212 by the stepper motor 220. 
Accordingly, the operator is then permitted to open the 
door 202 of the apparatus and the door 21 6 of the stage 
212, and can insert the tray assembly 103 in the tray 
accommodating portion 214 of the stage 212. 
[0072] Referring back to step 1020, if the right limit 
sensor 260-5 provides a signal to the microcontroller 
310 indicating that the tray is not present at the home 
position, the microcontroller will determine whether the 
signals provided by any of sensors 260-2, 260-3 or 260- 
4 indicate the presence of the stage 212 at a location 
along the rails 218 corresponding to the position of 
either of those sensors. If, in step 1090, the microcon- 
troller determines that the stage 212 is at the position of 
either of the sensors 260-3 or 260-4 (the light bar sen- 
sors, indicated as "columns" in step 1090), the micro- 
controller 310 will load an appropriate time out value in 
memory. Naturally, that time out value is shorter than 
the time out value used if the stage 21 2 is determined to 
be at the right limit position as indicated by sensor 260- 
5. 

[0073] The microprocessor then repeats steps 1040 
through 1070 described above using this column time 
out value as the maximum time allotted for the stage 
212 to be conveyed from its detected position on the 
rails 21 8 to the load position. If the time that has elapsed 
during the conveying of the stage 212 to the load posi- 
tion exceeds this time out value, the microcontroller 310 
will issue an error signal in step 1060. However, if the 
stage 212 reaches the load position within the allotted 
amount of time, the microcontroller 312 will stop the 
stepper motor 220 from conveying the stage 212. 
[0074] Alternatively, if in step 1090 the microcontroller 
310 determines from a signal output by sensor 260-2 
that the tray is at a position along rails 218 correspond- 
ing to that sensor (the "left" position, which is the left- 
most position in the oven 246), the processing will 
proceed to step 1 100 where the microcontroller 310 will 
load in memory a time out value appropriate for that 
detected position. That time out value will be smaller 
than the column time out value, because the distance 
that the stage 212 has to travel between the sensor 260- 
2 and the load position is less than the distance that the 
stage 212 would have to travel from the column detec- 
tors 260-3 and 260-4, or from the right limit sensor 260- 
5. The microcontroller 310 then repeats steps 1040 
through 1070 as described above using this appropriate 
time out value as the maximum allotted time during 
which the stage 212 can be conveyed from the position 
corresponding to sensor 260-2 to the load position. If 
the elapsed time exceeds the time out value, the micro- 
controller will generate an error signal in step 1060. 
However, if the stage 212 reaches the load position 
before the allotted time period has expired, the micro- 
controller 310 will control the stepper motor 220 to stop 
conveying the stage 212, and the operator will be per- 
mitted to load a tray assembly 103 into the stage 212. 
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[0075] If, however, in step 1090, the signals provided 
by detectors 260-2, 260-3 or 260-4 indicate that these 
detectors have not detected the presence of the stage 
212, the microcontroller 310 will not be able to ascertain 
exactly where the stage 21 2 is positioned along the rails 
218. Accordingly, in step 1110. the microcontroller will 
load a slow speed time out value in memory, and in step 
1 120, will control the stepper motor to convey the stage 
212 toward the load position at a slow speed which is 
slower than the sp^ed at which the stage. That is, if the 
stage 212 were positioned along the rails 218 between 
sensor 260-2 and the load limit sensor 260-1 and thus, 
close to the toad position, it would not be necessary to 
move the stage 212 at the high speed to the load posi- 
tion. By moving the stage 212 at a high speed when it is 
close to the load position, the conveying mechanism 
can be damaged if. for example, the stepper motor 220 
has to abruptly stop when the stage 212 quickly reaches 
the load position. Since the microcontroller 310 cannot 
determine whether the stage 212 is between sensors 
260-2 and 260-1 and thus close to the load position, as 
a precautionary measure, the microcontroller 310 will 
move the stage 212 at a slow, speed until the actual 
position of the stage is determined. 
[0076] When the stage 212 is being conveyed at the 
slow speed, if the sensors 260-2, 260-3 or 260-4 pro- 
vide a signal to the microcontroller 310 in step 1130 
indicating the presence of the stage 212, the microcon- 
troller 310 will proceed to step 1 1 00 and load the appro- 
priate time out value based on the detected position of 
the stage 212. The microcontroller 310 will then con- 
tinue with steps 1040-1070 and move the stage at the 
faster speed, because the microcontroller 310 will have 
ascertained that the stage 212 is close to the load posi- 
tion. 

[0077] If the stage 212 is being moved and it has not 
been detected by sensors 260-2, 260-3 or 260-4, the 
microcontroller will determine in step 1140 whether the 
amount of conveying time that has elapsed, has 
exceeded the slow speed time out value. If this has 
occurred, the microcontroller 310 will ascertain that an 
error exists in the conveying mechanism and will issue 
an error signal in step 1060 and terminate the operation 
in step 1080. 

[0078] However, if the elapsed time has not exceeded 
the maximum allotted time indicated by the slow speed 
time out value, the microcontroller 310 will determine in 
step 11 50 whether the stage 212 has reached the load 
limit sensor 260-1 and thus, is at the load position. If the 
stage has reached the load position, the microproces- 
sor will continue to step 1 080 and terminate the move- 
ment of the stage 212. At this time, the stage 21 2 can be 
accessed by a operator in the manner described above. 
However, if in step 1150 the microcontroller 310 deter- 
mines from the signal provided by sensor 260-1 that the 
stage 212 has not reached the load position, the 
processing will return to step 1 1 30 and repeat the above 
steps as appropriate until either the maximum allotted 



time has elapsed or the stage 212 has reached the load 
position. 

[0079] Although the stage 21 2 is described above as 
being conveyed at a high speed or a low speed, the 

5 speed at which the stage 212 is conveyed can further 
be varied depending on the position of the stage 212 
along the rails 218. That is, the microcontroller 310 can 
change the conveying speed, if desired, every time the 
stage 212 reaches a particular sensor 260-2 through 

io 260-4, until the movement is finally stopped when the 
stage 212 reaches the sensor 260-1 . 
[0080] Before or after the stage 212 has been moved 
to the toad position in the manner described above and 
a tray assembly 103 has been loaded in the stage 212, 

is the apparatus 107 will operate to map the positions of 
the calibration wells 1 16C on the stage 212 and accord- 
ingly, the positions of the individual wells 1 1 6 of the well 
array 112. so that the light emitting arrays 274-1 and 
274-2 can be controlled to emit light when the wells 116 

20 are positioned appropriately over their light correspond- 
ing emitting/detecting ports 274. The well mapping 
process that the apparatus 107 performs will now be 
described with reference to the flow chart shown in Fig. 
13 It is noted that since this embodiment includes two 

25 light sensor bars 270-1 and 270-2, the following map- 
ping procedure must be repeated for each sensor bar. 
However, as will be described below, if only one type of 
read is performed, only one sensor bar (usually sensor 
bar 270-1 ) will be active. Accordingly, for exemplary pur- 

30 poses, the well mapping procedure will be described in 
detail with respect to sensing bar 270-1. 
[0081 ] When the well mapping process begins in step 
1200, the microcontroller 310 controls the stepper 
motor 220 to move the stage 212 from the load position 

35 as shown in Fig. 7 to a position where the front flag 
258C-1 will be detected by the sensor 260-4. When the 
stage 212 is positioned in that position, the apparatus 
107 is ready to begin mapping the first column 213-1 of 
calibration wells. It is noted that the first flag 258C-1 is 

40 aligned with or essentially aligned with the first column 
213-1 of calibration wells. This first flag 258C-1 will thus 
be used as a position indicator which indicates the posi- 
tion of the first column of calibration wells 213-1 with 
respect to the light bar 270-1 . 

45 [0082] As indicated in step 1220, the first LED 275-1 
will be energized for a period of time as controlled by the 
controller 320 to emit light through its corresponding 
optical fiber 280-1 and out of its corresponding light 
emission/detection port 272 of the light bar 270-1 . As 

so discussed above, each of the calibration wells 116C-1 
through 116C-8 in the first column 213-1 of calibration 
wells includes a calibration dye made of a material that 
fluoresces when excited by fight having a particular 
wavelength. When the LED 275-1 has been energized 

55 and de-energized, the photodetector 276-1 will be con- 
trolled by the controller to detect the 310 light emitted 
from the material in the well 116C-1 due to the excita- 
tion by the light from LED 275-1. The light emitted by 
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that luminescence reaches the photodetector 276-1 by 
passing through the light emitting/detecting port 272-1 
and corresponding optical cable 282-1. The photomulti- 
plier tube 276-1 provides an electrical signal indicative 
of the intensity of the detected light to the microcontrol- 
ler 310. and the microcontroller 310 will store that signal 
in memory. 

[0083] After a predetermined period of time during 
which the photomultiplier 276-1 detects the light illumi- 
nating from the material in the well 215-i, the microcon- 
troller 310 will become ready in step 1240 to energize 
the next LED 275-2 in the light emitting array 274-1. 
However, prior to energizing that LED, the microcontrol- 
ler 310 will determine in step 1250 whether that LED is 
the first LED 275-1. In other words, in step 1240. the 
microcontroller 310 updates a count of the LEDs to be 
energized from 1 to 2. thus- indicating that the second 
LED in the array of LEDs 275-1 through 275-8 is to be 
energized. However, since there are only 8 LEDs in the 
array, the count will not exceed 8, but rather, will return 
to 1 alter 8. 

[0084] If the count indicates that LED to be energized 
is not the first LED 275-1, the microcontroller 310 will 
return to step 1230 and energize LED 275-2. The pho- 
tomultiplier 276-1 will be allowed to detect any light that 
may be emitted from the luminescent material present 
in calibration well 116C-2. After that predetermined 
detection time has elaspsed and the photomultiplier 
tube 276-1 has provided a signal to the microcontroller 
310 indicative of the light intensity emitted from calibra- 
tion well 215-2. the microcontroller 310 will update the 
count of the LED to be energized to become ready to 
energize the third LED 275-3. As with the second LED 
275-2, prior to energizing the LED 275-3, the microcon- 
troller 310 will determine whether the count has 
returned to 1. Since the LED count has not been 
returned to 1 in this case, the microcontroller 310 will 
return to step 1230 and the above process will be 
repeated for the third LED 275-3. 
[0085] Alter all 8 LEDs;275-1 through 275-8 have 
been energized, when the microcontroller updates its 
LED count in step 1240, .the microcontroller 310 will 
determine that the next LED to be energized is indeed 
the first LED 275-1 (the count has returned to 1). 
Accordingly, the microcontroller 310 will proceed to step 
1260, where it will control the stepper motor 220 to 
move the stage 212 by one step in the direction toward 
the home position. In step 1270, the microcontroller 310 
will check the signal being provided by sensor 260-3 to 
determine whether the sensor is still detecting the pres- 
ence of flag 258C-1 . If the sensor 260-3 is still detecting 
the presence of flag 258-1, then the processing will 
return to step 1230 and the 8 LEDs 275-1 through 275- 
8 will be energized sequentially in the manner described 
above. 

[0086] This process continues until the microcontroller 
310 has controlled the stepper motor 220 to have 
moved the stage 212 far enough so that the flag 258C- 



1 no longer interrupts the transmission of light from light 
emitter 262 to light detector 264 in sensor 260-3. 
Accordingly, sensor 260-3 will provide a signal to the 
microcontroller 310 indicating that the flag 258C-1 has 

5 passed the sensor 260-3. In this embodiment, the step- 
per motor 220 is configured to move the stage 212 
approximately 250 steps for each flag 258. Hence, 
when the sensor 260-3 indicates that the flag 258C-1 
has passed, approximately 250 readings will have been 

10 taken for each well in the caltoration column 213-1 . 
[0087] The microcontroll er 3 1 0 then proceeds to step 
1280 where it controls the stepper motor 220 to move 
the stage 212 back to the position along rails 218 where 
flag 258C-1 begins to be detected by sensor 260-3 (the 

is position of the flag 258C-1 as in step 1201). The stage 
212 will be maintained at this position, and the micro- 
controller 310 will proceed to step 1290 to perform the 
well mapping procedure. 

[0088] In this embodiment, the microcontroller 310 is 

20 programmed to ignore the 6 highest intensity readings 
for each well. That is, as discussed above, when the 
LED associated with a particular well is energized to 
radiate light into that well, the calibration material in the 
well will be excited by that radiated light and emit light in 

25 response. The intensity of the emitted light will typically 
be at a maximum when the center of the bottom of the 
well is positioned directly over its light emitting/detecting 
port 272. This occurs because the light radiated by the 
LED passing through the light emission/detection port 

30 272 will enter the well most directly, and the light being 
emitted from the well will enter the light emission/detec- 
tion port 272 most directly. However, due to inconsisten- 
cies in the well, the calibration material, and so on, a 
false maximum intensity may be detected at a position 

35 other than the center of the well. To reduce the affect of 
these aberations, the microcontroller 310 is pro- 
grammed to ignore the 6 highest intensity readings. 
However, any other type of error detection process or 
method could be used. 

40 [0089] In step 1 300, the microcomputer 31 0 will calcu- 
late a "trigger level" which is a reference level equal to 
80% of the maximum intensity value determined in step 
1290 after the 6 highest intensity values have been 
ignored. This 80% trigger level value is used to locate 

45 the center of the well. 

[0090] As shown in Fig. 1 4, the plurality of readings for 
any particular well form a bell shaped curve when plot- 
ted with intensity level on the Y axis and the number of 
the step at which the reading was taken on the X axis. 

so As illustrated, the first several steps are taken when the 
flag is first detected by the sensor 260-3. Since the flag 
is slightly larger than the direction of the well, the well is 
offset from the center of the light emitting/detecting port 
272. and for the reasons described above (e.g., indirect 

55 light emission and detection), the detected intensity of 
the emitted light is very low. However, as the well 
becomes more and more centered with its respective 
light emitting/detecting port 272, the detected intensity 
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increases to a maximum. The microcontroller 310 reads 
from the memory the stored intensity value for each 
step, beginning with step 1, compares the stored inten- 
sity value with the 80% trigger level in step 1310 of the 
processing, rf the intensity level measured of the com- 5 
pared reading is less than the 80% trigger level, the 
microcontroller 310 will continue to compare the read- 
ings, step-by-step until an intensity level is detected 
which is greater than or equal to the 80% trigger level. In 
this example, the intensity value taken at the 50th step w 
is equal to the 80% trigger level. Incidentally, alter 
detecting an intensity value which is equal to or greater 
than the trigger level, the next several intensity values 
for the next several steps will also be compared with the 
80% trigger level to assure that that detected value is 15 
not an aberation such as a intensity spike in the bell 
curve. 

[0091 ] After it has been confirmed that the value equal 
to or greater than the trigger level is genuine, that step 
number corresponding to that intensity value is stored in bo 
memory as the left hand marker in step 1 330. The inten- 
sity values for the remainder of the steps will be 
checked one by one in steps 1 340 and 1350 until one of 
those intensity values is detected as being less than the 
trigger level. In this example, the intensity value at step 25 
107 is less than the 80% trigger level. 
[0092] When it has been determined that that intensity 
value is genuine (e.g. by detecting that intensity value 
for the next several steps are below the trigger valve), 
the step having that intensity value will be stored as the 30 
right hand marker in step 1360 of the processing. The 
microcontroller 310 will then perform the following cal- 
culation in step 1370 to calculate the midpoint of the 
well, as represented by the number of steps that the 
stepper motor must step from the point when the 258 35 
corresponding to column the well has first been 
detected by the sensor 260-3 corresponding to the light 
sensor bar 270-1: 

Central Point = Left + ((Right-Left)/2) 40 

[0093] In this example, the central point is detected to 
be step 125. Hence, the microcontroller 310 has deter- 
mined that when a flag 258 is initially detected by sen- 
sor 260-4 corresponding to the light sensor bar 270-1 , 45 
the microcontroller 310 must control the stepper motor 
220 to move another 125 steps in order to center the 
wells 1 16 in the column corresponding to that flag 258 
directly above the centers of light emitting/detecting 
ports 272. 50 
[0094] This calculation process described in steps 
1290 through 1370 can be repeated for each of the 8 
wells 116 in the calibration column 215-1. Then, if 
desired, an average of those number of steps can be 
taken to get an average number of steps that is neces- 55 
sary to center the column of wells 215-1 with the corre- 
sponding light emitting/detecting ports 272 of the light 
bar 270-1 corresponding to sensor 260-4. 



[0095] Additionally, as illustrated, the stage 212 
includes 4 columns 213-1 through 213-4 of calibration 
wells 1 16C. Hence, the above process can be repeated 
for each of the 4 columns of calibration wells 1 16 and, if 
desired, an average value can be taken to thus accu- 
rately determine the number of steps necessary to 
center each of the columns of wells over the light emit- 
ting/detecting ports 272 when the flags corresponding 
to those wells have been detected. It is further noted 
that when the tray assembly 103 is placed in the stage 
212, the position of each of the 12 columns of wells in 
the well array 112 will correspond to a respective flag 
258. Since those 12 flags and the 4 calibration flags 
have the same or substantially the same width, the 
centers of the wells 1 16 in each column of wells can be 
centered directly over the corresponding light emit- 
ting/detecting ports 272-1 through 272-8 by controlling 
the stepper motor to move in the appropriate number of 
steps as calculated in the above process. 
[0096] Additionally, if desired, a test microwell array 
112 having 96 test wells (the number corresponding to 
that of an actual microwell array 112), each of which 
includes a calibration material, can be loaded in the 
stage 212. The above well mapping process can then 
be repeated for each column of wells (12 columns of 8 
wells each) to obtain a more accurate mapping of the 
8x12 well array and. in particular, ampre accurate indi- 
cation of the centers of the wells in each column with 
respect to the corresponding flag for that column. 
[0097] As stated above, the above well mapping proc- 
ess must be repeated for the second light sensor base 
270-2 if that sensor bar 270-2 is going to be used to 
read the microwell array 112. In this event, the calibra- 
tion wells 116C and hence all the wells 116, are 
mapped by using the sensor 260-3 whose position cor- 
responds to that of light sensor bar 270-2. 
[0098] The apparatus 1 07 will further operate to verify 
the integrity of the light emitting arrays 274-1 and 274-2 
and to set the control voltages of the photomultiplier 
tube 276-1 and 276-2 at the appropriate levels. Specifi- 
cally, as shown in Fig. 15. beginning in step 1400, 
microcontroller 310 will control the apparatus to perform 
a dark reading to assure that no stray light is entering 
the light emitting/detecting ports 272 through, for exam- 
ple, a hole in the wall of the oven 246. To perform this 
dark operation on the light array 274-1 and photomulti- 
plier tube light detection 276-1 , the microcomputer 310 
instep 1410 disables all of the LEDs 275-1 through 275- 
8 in the LED array 274-1. The light detector 276-1 is 
controlled to take 100 measurements in steps 1420 and 
1430. and stores the values of these 100 measure- 
ments in memory so that an average value can be cal- 
culated. 

[0099] Specifically, in step 1440, the microcomputer 
310 will ignore the ten highest and ten lowest readings 
to eliminate any erroneous readings. In step 1450. the 
microcomputer will average the 80 remaining readings, 
and in step 1460, compare the average intensity value 
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with a limit intensity value. If the microcontroller 310 
determines in step 1470 that the average value is 
greater than the limit value, the processing will proceed 
to step 1480 where the microcontroller 310 will control 
the display screen to display an error message. This 
error message indicates, for example, that stray light is 
entering the oven 246 and thus is being detected by the 
detector 276-1 through the light emitting/detecting ports 
272. However, if the average value has not exceeded 
the limit value, the microcontroller 310 will determine 
that little or no stray light is being detected by the detec- 
tor 276-1 , and the processing will proceed to calibrate 
the control voltage of the photomultiplier tube light 
detector 276-1. The above dark reading process also 
can be repeated for the light array 274-2 and light detec- 
tor 276-2 if those components are to be used in reading 
the well array 112. 

[0100] After the dark read calibration process is com- 
pleted, the microcontroller 310 will begin calibrating light 
detectors 276-1 and 276-2. As shown in Fig. 16, in step 
1 500, the microcontroller 310 will center the first column 
215-1 of calibration wells 116C above the light emit- 
ting/detecting ports 272 of light sensor bar 270-1 by 
controlling the stepper motor to move the appropriate 
amount of steps once the flag 258C-1 associated with 
the column 215-1 of wells is detected by sensor 260-4. 
In step 1510, the microcontroller 310 will energize LED 
275-1 associated with the first well 116C-1 in the col- 
umn 215-1 so that the calibration material in the well 
1 16C will be excited and thus emit light. In steps 1520 
and 1530, the detector 276-1 will be controlled by the 
microcontroller 310 to take 100 readings from the well 
1 16C-1 or, in other words, detect 100 intensity values of 
the light being emitted from the material in the well dur- 
ing a period when the material has been excited by the 
light from the LED 275-1. Alter the 100 readings have 
been performed for that particular well, the microcon- 
troller 310 takes an average intensity value in step 
1540. The microcontroller 310 then energizes _the next 
LED in the LED array (LED 275-2) and 100 readings 
from the second well are taken and stored in memory. 
The process in steps 1520 through 1560 is repeated 
until 100 readings have been taken from each well 
116C-1 through 116C-8 in calibration column 215-1. 
The processing then continues to step 1570 where the 
microcontroller 310 comprises the 8 fluorescent inten- 
sity valves (i.e., 1 for each well with each other to deter- 
mine if any are significantly different from the rest. If any 
of the intensity valves have been determined to be sig- 
nificantly different from the others, the microcontroller 
310 will ascertain that a defect exists in the optical com- 
ponents associated with the light emitting/detecting port 
272 that was used to read that well (e.g.. an LED is 
burned out, a fiber optic cable is damaged, and so on). 
The microcontroller 310 can then control the screen dis- 
play 204 to display an error message (e.g., "Well No. 3 
Reader is Defective"), and disable that particular well 
reader in step 1590 (e.g., LED 275-3 would be disabled. 



and readings would be taken for wells 1, 2 and 4-8 in 
any of the columns). 

[0101] The microcontroller 310 will then adjust the 
voltage of the light detector 276-1 photomultiplier tube 
5 so that the photomultiplier tube will output voltage sig- 
nals the desired levels when detecting the radiation 
emitted from the wells 116. 

[0102] As shown in Fig. 17, in step 1700, the calibra- 
tion column 215-1 is aligned for reading by the light bar 

w 270-1. The microcontroller 310 controls the LED corre- 
sponding to the well 116C that provided the highest 
average reading in step 1570 (Fig. 16) to illuminate. The 
light emitted by that LED will radiate into the well 1 16C. 
and the material in the well 1 16C will fluoresce light in 

15 response. 

[0103] In step 1710, the light detector 276-1 is control- 
led to detect the light being emitted from that well 1 1 6C, 
and will compare the detected value with a predeter- 
mined expected target value. If the microcontroller 310 

20 determines in step 1720 that the signal output by the 
light detector 276-1 is at the desired level, the microcon- 
troller 310 will have determined that the control voltage 
of the photomultiplier tube light detector 276-1 does not 
need to be adjusted. However, if the level of the signal 

25 output by the photomultiplier tube light detector 276-1 is 
too low. the control voltage of the photomultiplier tube 
light detector 276-1 will be increased by a predeter- 
mined increment in step 1740. On the contrary, if the 
output voltage is determined in step 1 730 to be too high, 

30 the photomultiplier tube voltage will be decreased by a 
predetermined increment in step 1 750. 
[01 04] The microcontroller 310 will then determine in 
step 1760 whether the output signal by the photomulti- 
plier tube has passed the expected target level due to 

35 the increasing or decreasing of the voltage in steps 
1740 or 1750, respectively. If the output voltage has not 
passed the target level, the processing will return to 
step 1710 and the well will be read again. 
[0105] If in step 1720, the microcontroller 310 deter- 

40 mines that the output voltage of the photomultiplier tube 
is at the appropriate level, the processing will end. How- 
ever, if the microcontroller 310 determines that the out- 
put voltage is not at the desired level, the processing in 
steps 1730 through 1760 will be repeated. If the micro- 

45 controller 310 then determines that the output voltage of 
the photomultiplier tube has passed the target level due 
to the increase or decrease of the photomultiplier tube 
voltage in steps 1740 or 1750, respectively, which have 
been repeated, the processing will continue to step 

so 1770 where the increment at which the photomultiplier 
tube voltage is increased or decreased is reduced in 
step 1780. and the processing will then return to step 
1710 and repeat steps 1710 through 1760 as described 
above using this smaller step of increment or decre- 

55 merit. This will result in the output voltage of the photo- 
multiplier tube light detector to be close to the desired 
level as possible. 

[0106] The microcontroller 310 can then proceed to 
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reread all of the valid wells 1 16C in calibration column 
215-1 again as illustrated in Fig. 18. As stated above, if 
the readings from any of the wells 116C have been 
found to be erroneous in the previous processing steps 
described in Fig. 16. the microcontroller 310 will ignore 5 
those wells. When this additional calibration processing 
begins in step 1800, the microcontroller 310 will ener- 
gize the LEDs corresponding to the valid wells 116C in 
the calibration column 215-1 in the sequential manner 
described above, and control the light detector 276-1 to w 
take 100 readings of each valid wells (steps 1810- 
1850). The microcontroller 310 can average those val- 
ues in step 1860. and store an average value in mem- 
ory. Accordingly, the microcontroller 310 can adjust the 
control voltage of the photomultiplier tube light detector 15 
276-1 based on this average value, if desired. 
[0107] It is noted that in this embodiment, the stage 
212 includes 4 columns 215-1 through 215-4 of calibra- 
tion wells. In such an arrangement, the microwells 1 16C 
in two columns (e.g.. 215-1 and 215-2) include calibra- 20 
tion material that fluoresces when energized with light 
having a wavelength such as the light emitted from one 
of the light sensor bars (e.g. , 2 1 5-3 and 21 5-4) including 
micro wells containing material that fluoresces when 
irradiated with light emitted from the other light sensor 25 
bar (e.g., 270-2). In this event, the calibration columns 
215-1 and 215-2 are used to perform calibration with 
respect to light sensor bar 270-1, and calibration col- 
umns 215-3 and 215-4 are used to perform calibration 
with respect to light sensor bar 270-2. It is further noted 30 
that the calibration material in one of the calibration col- 
umns associated with each sensor bar can be a positive 
type demonstrative of a positive reading; and the wells 
of the other calibration columns can include negative 
calibration material demonstrative of a negative read- 35 
ing. Hence, the above processing shown in Figs. 15-18 
can be repeated for each column, if desired. Also, 
although the processing is described for light sensor bar 
270-1 (light emitter array 274-1 and light detector 276- 
1), the above process is repeated for the light emitter 40 
array 274-2 and light detector 274-2 and light detector 
276-2 associated with light sensor bar 270-2, if light 
sensor bar 270-2 is to be used to take readings of the 
microwell array 112. 

[0108] When all of the above calibration operations 45 
have been completed, the stage 212 is conveyed along 
rails 218 to the home position corresponding to sensor 
260-5 to begin the well reading process, which will now 
be described with reference to the flowchart in Fig. 19 
and the sequence diagrams in Figs. 20-25. 50 
[0109] The microcontroller 310 begins the well read 
operation in step 1900. Before the microcontroller 310 
controls the stepper motor 220 to convey the stage 212 
to be aligned with respect to the light sensor bar which 
will perform the readings in step 1910. the microcontrol- 55 
ler 310 will maintain the stage 212 at the home position 
as shown in Fig. 20 for a predetermined period of time 
(60 seconds in this embodiment). 



[01 1 0] In step 1920, the microcontroller 31 0 then con- 
trols the stepper motor 220 to convey the stage 212 in 
the direction toward the first light bar sensor 270-1 at a 
predetermined speed until the flag 258-12 correspond- 
ing to the first column 115-1 of wells 116 in the well 
array 112 is detected by sensor 260-4. In step 1 930, the 
microcontroller 310 then controls the stepper motor 220 
to move the carriage the appropriate number of steps so 
that the centers of the wells in the column are positioned 
directly above the light emitting/detecting ports 284-1, 
through 284-8 as shown in Fig. 22. It is noted that this 
optimum number of steps has been determined in the 
well mapping procedure discussed above with refer- 
ence to Fig. 13. The microcontroller 310 will then stop 
the stepper motor 220 from conveying the stage 21 2 for 
a briefperiod of time in step 1940 to allow the fluid sam- 
ples in the wells 1 1 6 to settle. 

[0111] In step 1950, the microcontroller 310 will pre- 
pare to energize the first LED 275-1 corresponding to 
the first well 11 6-1 in column 115-1. The microcontroller 
310 will then energize the LED 275-1 so that the LED 
will transmit light through optical cable 280-1 and out 
the light emitting/detecting port 272-1 into the corre- 
sponding well in step 1960. and the microcontroller 310 
will control the photomultiplier tube light detector 276-1 
to detect the light being emitted from the well in 
response to the irradiated light. In step 1970, the micro- 
controller 31 0 will store the reading, and the process will 
repeat until 100 readings have been taken of the well 
116-1 as determined in step 1980. It is noted that the 
LED 275-1 need only be energized one time for the 100 
readings to be taken. Furthermore, the number of read- 
ings need not be 100, but can be 1 50 or any practical 
number, as desired. 

[0112] Alter the 100 readings have been stored, the 
microcontroller 310 averages those 100 readings in 
step 1 990 and stores the average value of the readings. 
The microcontroller then prepares to energize the next 
LED 275-2 in step 2000 so that readings can be taken 
from the second well 1 16-1 in the column 115-1 and the 
above steps 1960-2000 until the microcontroller deter- 
mines in step 2010 that all eight wells in the column 
115-1 have been read. It is further noted that if the 
microcontroller 310 has determined in the calibration 
steps described above that some of the LEDs are mal- 
functioning, the wells corresponding to those LEDs will 
not be read. Hence, in a column including 8 wells, the 
maximum amount of wells that could be read is all 8, 
and the minimum could be as low as only one. 
[0113] When the microcontroller determines in step 
2010 that all wells in the column have been read, the 
microcontroller will determine in step 2020 whether all 
of the columns 115-1 through 115-12 have been read. If 
all of the columns have not been read, the processing 
will return to step 1920 where the microcontroller 310 
will control the stepper motor 220 to center the next col- 
umn 1 15-2 of wells 116 over the light emitting/detecting 
ports 272-1 through 272-8. This centering is achieved 
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by the microcontroller 310 controlling the stepper motor 
220 to convey the stage 212 until the next flag 258-2 is 
detected by sensor 260-3. The stepper motor is then 
controlled to move the stage the necessary number of 
times (steps) so that the centers of the wells 116 in the 
second column 115-2 of wells are directly over light 
emitting/detecting ports 272-1 through 272-8. The 
microcontroller then energizes the LEDs 275-1 through 

275- 8 in the manner described above in steps 2050 
through 2110, and the 100 readings for each well are 
taken, averaged and stored until all 8 wells in that sec- 
ond column 1 1 5-2 have been read. 

[0114] This processing will continue until the stage 
has been moved to read the last column 215-12 of wells 
116, as shown in Fig. 22, and microcontroller 310 deter- 
mines in step 2120 that all of the columns (e.g., 12) 
have been read. The microcontroller 310 will control the 
stepper motor 220 to convey the stage 212 to read 
those calibration wells 215-1 through 215-4 for perform- 
ing the calibration associated with the light sensor bar 
270-1 as described above. The microcontroller then 
energizes the LEDs 275-1 through 275-8 and detection 

276- 1 to read the calibration microwells 116C in those 
columns in the manner described above. This is done 
so that the read valves from the calibration wells can be 
used to adjust the read valves from the sample wells 
116, if necessary, to compensate for any detector, 
LEDs. and so on, due to, for example, the heating of the 
PMT detector 276-1, changes in ambient temperature, 
and the like. 

[0115] After reading the calibration columns, the 
microcontroller will proceed to step 2030, where it will 
control the stepper motor 220 to convey the stage 212 
to the position along rail 218 corresponding to sensor 
260-2 (the left sensor), as shown in Fig. 23. The micro- 
controller 310 will then control the stepper motor 220 in 
step 2040 to convey the stage 212 at a high speed back 
to the home position corresponding to the location of 
sensor 260-5. This processing from steps 1920 through 
2040 takes approximately 1 minute. If the microcom- 
puter determines in step 2050 that an entire test run has 
been completed, the processing will terminate in step 
2060. However, in this embodiment, the above process- 
ing is repeated 60 times in a test run, which takes 
approximately one hour to complete (approximately one 
minute per test run). Hence, after completing one read- 
ing of all of the wells 116 in the well array 112, the 
processing beginning at step 2010 described above will 
be repeated another 59 times until a total of 60 average 
readings for each well have been calculated and stored. 
[01 1 6] It is further noted that the second light bar sen- 
sor 270-2 can be used to perform a second reading of 
the wells 1 16 in the well array 112. That is, as described 
above, each well array 112 can contain two detection 
probes for detecting two different types of target DNA. 
Alternatively, certain wells can include one type of 
detection probe, and other wells can include another 
type of detection probe. In that event, the microcontrol- 



ler 310 is programmed by the operator to read some of 
the wells with the first light bar 270-1, and the other 
wells with the second light bar 270-2. 
[01 17] In either event, the second reading can be per- 
5 formed by the second light bar 270-2 when the tray 21 2 
is being conveyed from the position of the left sensor 
260-2 back to the position of the home sensor 260-5 
when this second reading is to be performed, the micro- 
controller 310 will not return the stage 212 directly to the 
w home position in step 2040. Rather, the microcomputer 
310 will control the stepper motor, the LEDs and the 
photodetector to operate in precisely the same manner 
as described above with regard to steps 2010 through 
2160. However, the stepper motor will convey the stage 
15 212 in the opposite direction as illustrated in Fig. 24 until 
the sensor 260-3 associated with the second light bar 
270-2 detects the presence of the flag corresponding to 
the calibration column for performing calibration with 
regard to the second light bar sensor 270-2 as 
20 described above. The calibration columns well be read 
and then the stage 212 will be conveyed until the flag 
258-12 corresponding to the first column of wells 215- 
1 2 on the right hand side of the stage 21 2 is detected by 
sensor 260-3. Those wells will be centered above the 
25 light emitting/detecting ports 272-1 through 272-8 of the 
second light sensor bar 270-2 in the manner described 
above, and the LEDs 275-1 through 275-8 of the second 
LED array 274-2, and the light detector 276-2 will be 
controlled accordingly to take the 100 readings for each 
30 well. The columns will then be scanned on a column by 
column basis, until all of the columns have been sensed 
as detected in step 2120, in which event the stage 212 
is positioned as in Fig. 25. The microcontroller 310 then 
controls the stepper motor 220 to return stage 212 
35 directly to the home position at sensor 260-5. For effi- 
ciency, the reading by the first light bar sensor 270-1 
and second light bar sensor 270-2 will be completed 
within the 60 second cycle. Therefore, alter one hour, 60 
reads by the first light sensor 270-1 , and 60 reads by the 
40 second light sensor 270-2, have been completed. 

[0118] It is also noted that instead of centering the 
wells in step 2030, a "Fly by" reading of the wells in each 
column can be taken. This fly by reading would be per- 
formed as is the calibration readings described above to 
45 produce a bell shaped curve reading as shown in Fig. 
14 for each well in the column. The maximum points of 
these readings can be stored for each well. 
[0119] Alter an entire run has been completed for 
each of the light bars 270-1 and 270-2, the microcontrol- 
50 ler 31 0 can control the display 204 to display the results 
of the test. Alternatively, the results can be printed out 
on a printer (not shown), or stored on a disk. If another 
array 112 of wells 116 is to be tested, the preliminary 
steps are performed on that array of wells as described 
55 above with respect to. Figs. 1-3, and the apparatus 107 
is operated to perform the processing discussed above 
for that new well array. 

[01 20] Although only a few exemplary embodiments of 
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this invention have been described in detail above, 
those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodi- 
ments without materially departing from the novel 
teachings and advantages of this invention. Accordingly, 5 
all such modifications are intended to be included within 
the scope of this invention as defined in the following 
claims. 

Claims to 

1 . An apparatus for analyzing a plurality of samples, 
comprising: 

a plurality of light emitting devices which are 15 
each controlled to radiate excitation light 
toward a respective one of the plurality of sam- 
ples at respective different times to excite the 
samples to generate emission light at emission 
times corresponding to the respective different 20 
times; and 

a light detector which is controlled to detect the 
emission light emitted from the plurality of sam- 
ples at the emission times. 

25 

2. An apparatus as claimed in claim 1, further com- 
prising: 

a plurality of light emitting/detecting ports, each 
of which is optically coupled to a respective one 30 
of the plurality of light emitting devices to emit 
the excitation light emitted by the respective 
light emitting device toward a respective one of 
the plurality of samples, and is configured to 
receive the emission light from the respective 35 
sample. 

3. An apparatus as claimed in claim 1 , further com- 
prising: 

40 

a plurality of bifurcated light conducting 
devices, each comprising first and second light 
conducting devices each having first and sec- 
ond ends, the first ends of the first and second 
light conducting devices being integrated with as 
each other to form an integrated end; 
the second end of the first light conducting 
device of each of the bifurcated light conduct- 
ing devices being configured to receive the 
excitation light from a respective light emitting so 
device, such that the excitation light is transmit- 
ted through the first light conducting device and 
output from the integrated end. 

4. An apparatus as claimed in claim 1 . further com- 55 
prising: 

a plurality of second light emitting devices 



which are each controlled to radiate excitation 
light toward a respective one of a second plu- 
rality of second samples at respective different 
second times to excite the second samples to 
generate emission light at second emission 
times corresponding to the respective different 
second times; and 

a second light detector which is controlled to 
detect the emission light emitted from the plu- 
rality of second samples at the second emis- 
sion times; and 

wherein one of the following conditions is met: 

all of the first samples are different from all 
of the second samples; and 
at least some of the first and second sam- 
ples are the same samples. 

5. A method for analyzing a plurality of samples, com- 
prising the steps of: 

controlling a plurality of light emitting devices to 
radiate excitation light toward a respective one 
of the plurality of samples at respective differ- 
ent times to excite the samples to generate 
emission light at emission times corresponding 
to the respective different times; and 
controlling a detector to detect the emission 
light emitted from the plurality of samples at the 
emission times. 

6. A method as claimed in claim 5 wherein: 

the light emitting device controlling step com- 
prises the step of directing the excitation light 
emitted by each of the light emitting devices 
through a respective one of a plurality of light 
emitting/detecting ports toward a respective 
said sample; and 

the detector controlling step comprises the 
steps of: 

receiving the emission light emitted by 
each of the plurality of samples through a 
respective one of the light emitting/detect- 
ing ports; and 

directing the received emission light to the 
detector. 

7. A method as claimed in claim 6, further comprising 
the steps of: 

arranging the plurality of samples in a sample 
housing device; and 

moving the sample housing device to position 
the plurality of samples in relation to the plural- 
ity of light emitting/detecting ports such that 
each of the plurality of samples is positioned to 
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receive the excitation light from its respective 
light emitting/detecting port. 

8. A method as claimed in claim 7 wherein: 

5 

the arranging step comprises the step of 
arranging the plurality of samples in the sample 
housing device into a plurality of columns with 
each of said columns including a plurality of 
said samples; and 10 
the method further comprises the step of: 

moving the sample housing device to posi- 
tion each of said columns at a first position 
at different times, such that when a said is 
column is at said first position, its samples 
are positioned to receive the excitation 
light from their respective light emitting 
devices. 

20 

9. A method as claimed in claim 5, further comprising 
the steps of: 

controlling a plurality of second light emitting 
devices to radiate excitation light toward a 25 
respective one of a second plurality of second 
samples at respective different second times to 
excite the second samples to generate emis- 
sion light at second emission times corre- 
sponding to the respective different second 30 
times; and 

controlling a second light detector to detect the 
emission light emitted from the plurality of sec- 
ond samples at the second emission times; 
and 35 
wherein one of the following conditions is met: 

all of the first samples are different from all 
of the second samples; and 
at least some of the first and second sam- 40 
pies are the same samples. 

10. An apparatus for optically scanning a plurality of 
samples, comprising: 

45 

a sample housing apparatus, comprising a 
heating element for heating said samples; 
a light scanning apparatus for optically scan- 
ning said sample; and 

a conveying apparatus which conveys the sam- 50 
pie housing apparatus to the light scanning 
apparatus 
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